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Description 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates in general to air con- 
ditioning systems of heat pump type for motor vehicles, 
particularly for electric vehicles, and more particularly, 
the present invention relates to the heat pump type air 
conditioning systems having a refrigerating cycle. More 
specifically, the present invention is concerned with the 
heat pump type air heating systems which can instantly 
heat air in the passenger room after start-up thereof and 
can effectively dehumidify the heated air in the passen- 
ger room. 

2. Description of the Prior Art 

A heat pump type air conditioning system according 
to the preamble of claim 1 is known from the US-A-5 
299 431. 

^ In order to heat air in the passenger room of electric 
vehicles, heat pump systems are commonly used, 
which collect outside heat for the heating. One of such 
kffown heat pump systems is shown in Rg. 18 of the 
accompanying drawings, which is designated by 
humeral 100. 

As shown in the drawing, the heat pump system 
100 has an evaporator 101 which is positioned outside 
the passenger room to collect outside heat by using a 
coolant which has been vaporized at a temperature 
lower than the outside temperature. The coolant thus 
accumulating heat therein is compressed by a compres- 
sbr 103 and led to a condenser 105, which is located in 
a duct 1 13. to radiate the heat to air in the duct 1 13. The 
lieated air is led to desired positions of the passenger 
room with an aid of an electric blower 115 installed in 
the duct 113. Designated by numerals 107 and 109 are 
dn expansion valve and a recaver dryer (viz.. liquid 
tank) respectively. The receiver dryer 1 09 has two func- 
tions, one being to separate gaseous coolant from liquid 
coolant, and the other being to dry the coolant. 

However, the heat pump system 100 has no func- 
tion to dehumidify the heated air fed to the passenger-' 
room. Thus, in winter, the operation of the system f 00 
tends to induce undesired misting on a windshield 
caused by moisture in the passenger room, which pre- 
vents the driver from driving safely. 

Jo solve such drawback, another heat pump sys- 
teiti 110 has been proposed by Japanese Patent First 
Provisional Publication 5-201243, which is shown in Fig. 
19 of the accompanying drawings. 

As shown in the drawing, in the system 1 10, there 
are further employed another (or inside) evaporator 117 
which is installed in the duct 113 upstream of the con- 
denser 105, a bypass passage 1 12 which bypasses the 
outside et^aporator 101, a two-way valve 111 which 



selectively connects the compressor 103 with the out- 
side evaporator 101 or the bypass passage 1 12, and a 
check valve 1 19 which is an-anged between the outside 
evaporator 101 and the bypass passage 112 as shown. 

5 When dehumidification of air in the passenger room 
is needed, the two-way valve 111 takes the illustrated 
position. Under this condition, the coolant is fbrced to 
flow in the direction of the an'ows. With this, the air from 
the electric blower 1 15 Is cooled and thus dehumidified 

10 by the inside evaporator 117 and then heated by the 
condenser 105 before entering the passenger room. 

However, even the heat pump system 110 has 
failed to obtain a satisfied heating performance because 
of its inherent construction. Thiis is because the heat 

IS source for heating the passenger room is limited to only 
d heat energy collected by the inside evaporator 117 
from the air in the duct 1 13 and another heat energy 
produced when the compressor 103 operates. That Is, 
; , in the system 110. quick heating of the passenger room 

20 Is not expected particularly at the warm-up time of the 
vehicle. 

SUMMARY OF THE INVENTION 

25 It is therefore an object of the present invention to 
provide a dehumidifying-type heat pump system which 
Is free of the above-mentioned drawbacks. 

That is, in accordance with the present invention, 
there is provkfed a dehumidifying-type heat punp sys- 

30 tem which can Instantly heat air in the passenger room 
after start-up thereof and can effectively dehumidify the 
air In the passenger room. 

According to the present invention, there is pro- 
vided' a heat pump type air conditioning system as 

35 defined in claim 1 . Preferred embodiments of the inven- 
tive heat pump type air conditioning systems are 
defined In the dependent claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Other objects and advantages of the present inven- 
tion will become apparent from the following description 
vvheh taken in conjunctiori with the accompanying draw- 
ings, in which: 

Fig. 1 is a schematically illustrated circuit of a heat 
punp system which is a first embodiment of the 
present invention, the system being designed as a 
heater for a passenger room; 

50 Fig. 2 is a graph showing the heating performance 
of the first embodiment of Fig. 1 . that of the conven- 
tional heat pump system of Fig. 18 and that of the 
other conventional heat pump system of Fig. 1 9; 
Rg. 3 is a graph showing the coolant distribution 

55 characteristic of the first ehrit>odiment in terms of 
the rate between the amount of coolant directed 
toward an inside evaporator and the amount of 
coolant directed toward an outskle evaporator; 
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Fig. 4 is a graph showing the power consumption 
characteristic of the first embodiment and that of 
the conventional heat pump system of Fig. 1 9; 
Fig. 5 is a sectional view of an improved pressure 
regulating valve which is employable in the heat s 
pump system of the first embodiment; 
Rg. 6 Is a block diagram of a control circuit which 
controls the Improved pressure regulating valve of 
Fig. 5; 

Fig. 7 is a graph similar to that of Fig. 3, but showing io 
two coolant distribution characteristics, each being 
provided by adjusting the set pressure of the 
improved pressure regulating valve of Fig. 5 to a 
given degree; 

Fig. 8 is a block diagram of a blower control circuit is 
which controls an electric blower employed in the 
first embodiment; 

Fig. 9 is a flowchart showing programmed opera- 
tion steps carried out by a control unit of the blower 
control circuit of Fig. 8; 20 
Fig. 10 is a block diagram similar to that of Fig. 8. 
but showing another blower control circuit for the 
electric blower; ' ' . 

Fig. 1 1 is a flowchart similar to that of Fig. 9, but 
showing programmed operation steps carried out 25 
by a control unit of the blower control circuit of Fig. 
10; 

Fig. 12 is a graph showing judge-maps which are 
used for controlling the blower control circuit of Fig. 
10; 30 
Rg. 13 is a block diagram similar to that of Rg. 8, 
but showing still another blower control circuit for 
the electric blower; 

Fig. 14 Is a flowchart similar to that of Fig. 9, but 
showing programmed operation steps carried out 35 
by a control unit of the blower control circuit of Fig. 
13; 

Fig. 15 is a graph similar to that of Fig. 12, but 
showing judge-maps which are used for controlling 
the blower control circuit of Fig. 13; 40 
Fig. 1 6 is a schematically illustrated a'rcuit of a heat 
pump system which is a second embodiment of the 
present invention, the system being designed to 
operate as both a heafer and a cooler, the illustra- 
tion showing a condition wherein the system oper- 45 
ates as the cooler; 

Fig. 17 is a view similar to Fig. 16. but showing a; 
condition wherein the system operates as the 
heater; 

Fig. 18 is a schematically illustrated conventional 50 
heat pump system designed as a heater; and 
Fig. 19 is a view similar to Fig. 18, but showing 
another conventional heat pump system designed 
as a heater. 

55 

DETAILED DESCRIPTION OF THE INVENTION 

Referring to Fig. 1 of the drawings, tiiere is sche- 



matically shown a heat pump system 1 0A which is a first 
embodiment of the present Invention. As will become 
apparent as the description proceeds, the system 10A 
of this first embodiment is designed as a heater for heat- 
ing a passenger room of an electric vehicle. 

The heat pump system 10A comprises a compres- 
sor 12 which compresses a coolant. An outlet of the 
compressor 12 is connected through a passage to a 
condenser 14 installed In a duct 18 which Is led to vari- 
ous positions of the passenger room through various 
branch tubes thereof. For the reason which will become 
apparent hereinafter, the condenser 14 is arranged in a 
relatively downstream part of the duct 18. An electric 
blower 16 is installed in an upstream part of the duct 18 
to produce an air flow directed toward the duct 18. 

The upstream part of tiie duct 18 has first and sec- 
ond openings 1 and 3 whose opening degrees are con- 
trolled by a damper door 5. The first opening 1 is 
connected to the open air, while the second opening 3 is 
connected to the passenger room. Thus, the outside air 
is led into the duct 18 through the first opening 1 , while 
the indoor air (viz., passenger room air) is led into the 
duct 18 through the second opening 3. As will be 
described hereinafter, when only the second opening 3 
is opened, a so-called "reheat mode" is taken by the 
system 10A, which is the mode to heat the air in the 
passenger room while circulating the same through the 
duel 18. 

TTie condenser 14 carries out heat exchange 
between the gaseous coolant fed thereto from the com- 
pressor 12 and the air flow produced by the electric 
blower 16. so that tiie air directed to the passenger 
room is heated. An outlet of the condenser 14 is con- 
nected through a passage to a receiver dryer 20. 

From the receiver dryer 20. there extends a pas- 
sage which is connected to an intermediate portion 22 
of a passage Pi. Thus, a so-called "branch point" Is 
defined at the portion 22. That is, the coolant flow from 
the receiver dryer 20 Is diverted into two flows at the 
portion 22, as is indicated by the two arrows A and B. 

The passage PI has one end connected through 
an electromagnetic valve 24 and an outside expansion 
Valve 26 to an outside evaporator (or heat exchanger) 
28 whidi is positioned outside the passenger room. The 
outside evaporator 28 is arranged to be cooled by an 
electric fan 44. The passage P1 has the otiier end con- 
nected through an inside expansion valve 30 to an 
inside evaporator 34 which is Installed in the duct 18 
upstream of the condenser 1 4. 

An inlet of the compressor 12 is connected tiirough 
a passage to an intermediate portion 36 of a passage 
P2. For reason which will become dear hereinafter, a 
so-called "confluent point" Is defined at tiie portion 36. 

The passage P2 has one end connected to an out- 
let of the outside evaporator 28 and tiie other end con- 
nected through a pressure regulating valve 38 to an 
outlet of the inskJe evaporator 34. That is, the coolant 
from tiie outside evaporator 28 and tiiat from the Inside 
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evaporator 34 meet at the confluent point 36. The pfes- ' 
^sure regulating valve 38 opens its associated passage 
when the coolant pressure in the passage is increased 
{beyond a predetermined degree (viz., set pressure 
"SP^. 5 

In the illustrated first embodiment of Fig. 1, 
''HFC134a'' (that is. 1,2,2,2-Tetrafluoroethane) Is used 
as the coolant, and the set pressure "SP" of the pres- 
sure regulating valve 38 is 1.9Kg/cm^G which is the 
optimum value when the outside air temperature is CC. io 
Of course, in place of "HFC134a". other NON-CFC 
refrigerant may be also used. 

As is known, the optimum set pressure of the valve 
38 depends on the outside air temperature. Means for 
suitably controlling the set pressure "SP" of the valve 38 is 
in accordance with the outside air temperature will be 
described hereinafter. 

A first temperature sensor 40 is arranged near the 
outlet of the outside evaporator 28. The sensor 40 
senses the tenperature of air near the outlet of the out- 20 
side evaporator 28 to keep the degree of superheat of 
the coolant constant with an aid of the outside expan- 
sion valve 26. That is. when, for example, the outside air 
temperature becomes low, the throttle of the outside ' 
expansion valve 26 is increased to reduce the pressure . 25 
of the coolant which is led into the outside evaporator 28 
f^pm the outside expansion valve 26. With this, the 
d^ree of superheat of the coolant kept constant. Simi- 
le to this, the throttle of the inside expansion valve 30 is 
controlled by a second temperature sensor 42 which is so 
Arranged near the outlet of the inside evaporator 34. 
the expansion valves 26 and 30 may be of a capillary 
tube type. Of course, these expansion valves 26 and 30 
may be controlled by a known electronic controller. 

In the following, operation of the heat pump system 3s 
1 0A as a heater will be described. 

For ease of understanding, the desalption will be 
commenced with respect to a rest condition of the sys- 
tem 10A. Under this rest condition, the outside and 
inside expansion valves 26 and 30 are both closed, or 40 
they are sufficiently throttled not to feed the outside 
evaporator 28 with the coolant in a liquid state. 

When, in response to starting of the associated 
electric vehicle, the heat pump system 10A starts to 
operate, the compressor 12 runs to suck therein the 45 
cidolant from the outside evaporator 28 through the pas- 
sage P2. Thus, the pressure in the outside evaporator 
28 is lowered, and at the same time, the compressor 12 
discharges from its outlet a compressed coolant toward 
the condenser 14. Thus, the pressure in the passage -so 
pi . that is, the pressure in the inlet side of each expan- 
^pn valve 26 or 30. is increased. 

Under this start-up condition of the system 10A, the 
pressure regulating valve 38 is kept closed thereby to 
close its associated passage. Thus, under this condi- ss 
ttcih, the coolant reaching the branch point 22 is all 
directed toward the outside expansion valve 26. The 
coolant is subjected to adiabatic expansion at the out- 



side expahsibn valve 26 and led Into the outside evapo- 
rator 28. After collecting heat from the outside air at the 
outside evaporator 28. the coolant is returned to the 
compressor 1 2 and compressed by the same. The com- 
pressed coolant is led into the condenser 1 4 again. Like 
this, for a while, the coolant circulates in the circuit in the 
above-mentioned manner. During this circulation, the 
coolant radiates the accumulated heat therefrom and 
heat the air in the duct 18. 

As is understood from the above, in case wherein, 
like in the start-up condition of the system 10A, the 
pressure of coolant fed from the receiver dryer 20 is 
smaller than the set pressure "SP" of the pressure reg- 
ulating valve 38, the system 10A acts as a pure heater. 
Thus, if the system 10A takes the "reheat mode" by fully 
opening the second opening 3 of the duct 18. quick 
heating of the passenger room is achieved. 

Of course, heating of the passenger room is also 
achieved by opening the first opening 1 of the duct 18. 
However, .in this case, quick heating may not be 
expected. 

It Is now to be noted that in this first embodiment 
IpA. one advantageous feature Is that the period for 
which the pressure of coolant fed from the receiver 
di7er 20 is kept smaller than the set pressure "SP" of 
the pressure regulating valve 38 agriaes with the period 
for Which a quick heating of the passenger room is really 
needed like in the start-up time of the vehicle. That is, 
during such period, the coolant from the receiver dryer 
20 is directed to only the outside evaporator 28 to cause 
the system 1 0A to act as a pure heater. 

When thereafter the pressure of coolant fed from 
the receiver dryer 20 is increased to a level of the set 
pressure "SP", the pressure regulating valve 38 starts to 
open and thus a part of the coolant from tiie receiver 
dryer 20 is directed toward the InskJe evaporator 34. 

As Is known, the indoor air (viz., passenger room 
air) with which the coolant In the Inside evaporator 34 
will make a heat exchange is warmer than the outside 
alir, and just after opening of the pressure regulating 
valve 38. the amount of coolant directed to the inside 
evaporator 34 is small. Thus, just after opening of the 
valve 38, the coolant in the outlet portion of the inside 
evaporator 34 has a high temperature. Accordingly, tiie 
second temperature sensor 42 controls tiie inside 
expansion valve 30 in a manner to increase the amount 
of coolant led into the inside evaporator 34. That is, the 
inside evaporator 34 starts to operate as a cooler. 

: ' Due to continuous operation of the system 10A, the 
pressure 6f coolant directed to the outside expansion 
valve 26 is gradually increased, so that the amount of 
coolant led into the outside evaporator 28 Is gradually 
increased even when the outside expansion valve 26 
keeps a constant throttle degree. However, since the 
temperature of the outside air with which the coolant In 
the outside evaporator 28 makes heat exchange is con- 
sidered constant, the increase in quantity of coolant 
directed to the outside evaporator 28 causes lowering of 
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temperature of the coolant discharged from the qutside 
evaporator 28. Thus, the first temperature 'sensor 40 
controls the outside expansion valve 26 in a nrianner to 
reduce the amount of coolant led into the outside evap- 
orator 28. s 

As is described hereinabove, in this heat punp sys- 
tem 10A of the first embodiment, when, upon the cool- 
ant pressure exceeding the set pressure "SP", the 
pressure adjusting valve 38 is opened, the coolant flow 
fed to the branch point 22 from the receiver dryer 20 is 
automatically divided into two flows, one being directed 
toward the outside evaporator 28 and the other being 
directed toward the inside evaporator 34. That is. one 
part of the coolant is used as a medium for collecting 
heat from the outside air. and the other part is used as 
a medium for collecting heat from the air in the duct 18. 
When the air in the duct 18 is thus cooled to a level 
lower than its dew point, moisture in the air becomes 
dewed, and thus, the air flowing in the duct 18 is dehu- 
midified. It is to be noted that the air thus dehumidified 
Is then heated by the condenser 14 before entering the 
passenger room. 

As is described hereinabove, when the coolant 
pressure in the inside evaporator 34 is increased to the 
level of the set pressure "SP" and thus the pressure reg- 
ulating valve 38 is opened, a part of the coolant from the 
receiver dryer 20 is automatically directed to the inside;' 
evaporator 34 thereby to cool and thus dehumidify the 
air in the duct 18. Thus, even when the systenri 10A 
takes the "reheat mode", the moisture in the indoor air Is 
gradually reduced and thus the undeslred misting on a 
windshield is eliminated. 

In this first embodiment, there is another advanta- 
geous feature. That is, when a certain time passes after 
start-up of the system 10A, dehumidifying operation 
starts automatically. 

It is to be noted that If, in case of *'HFC134a" as the 
coolant, the set pressure "SP" of the pressure regulat- 
ing valve 38 is so determinied as to prevent the coolant 
directed to the inside evaporator 34 from being cooled 
below its freezing point, undesired freezing of the inside 
evaporator 34 can be completely eliminated. 

When a certain time passes after the pressure reg- 
ulating valve 38 is opened, the passenger room is 
heated to a desired level. At this time, the outside 
expansion valve 26 is almost fully dosed, so that almost 
all of the coolant is directed toward the inside evapora- 
tor 34. If the electromagnetic valve 24 is closed, all of 
the coolant is directed to the inside evaporator 34. Thus, 
under this condition, the system 10A operates in sub- 
stantially the same manner as the afbre-mentioned cori-, 
ventional system 110 of Fig. 19,' and thus, 
dehumidiflcation and heating of the air are carried out 
by the system 1 0A at the same time. 

In the heat pump system 10A of the first embodi- 
ment, due to provision of the pressure regulating valve 
38. the throttling operation of the outside expansion 
valve 26 and that of the inside expansion valve 30 are 



substantially automatically controlled in the above-men- 
: 'tipned manner. Such automatic control Is carried out 
without aid of an expensive and complicated electronic 
controller. 

If "HFC 134a" is used as the coolant and the set 
pressure "SP" of the pressure regulating valve 38 is so 
■•■ determined as to prevent tiie coolant from being cooled 
below Its freezing point, the heat pump system 10A can 
be continuously operated without worrying about freez- 
ing of the inside evaporator 34. 

In the system 10A. with passage of time, the heat- 
ing performance is automatically controlled or towered, 
but tiie humidifying ability is increased. This unique 
operation is very suited for conditioning air In a passen- 
ger room of a motor vehicle In winter. That is, for such 
conditioning In winter, the humidification is constantiy 
needed for avoiding windshield misting, but the heat 
quantity for heating the passenger room is gradually 
reduced as tiie temperature of the passenger room 
approaches the set or desired temperature. 

When a certain time passes after start-up of the 
system 10A, almost all of the coolant is directed toward 
the inside evaporator 34. This means that the heating 
performance of the system 10A in the start-up condition 
is the maximum. The reason is as follows. 

That is. in order to make a quick heating of the pas- 
senger room by collecting a large amount of heat from 
the outside air which is relatively low in temperature, it is 
necessary to feed the outside evaporator 28 with a cool- 
ant whose temperature is lower than the freezing point. 
However, if the operation Is continued under such con- 
dition, any moisture condensed on an outer surface of 
tiie outside evaporator 28 becomes frozen and thus the 
outside evaporator 28 fails to operate normally. How- 
ever, as is described hereinabove, in the first embodi- 
ment 10A, when a certain time passes after start-up of 
the system, feeding of the coolant to the outside evapo- 
rator 28 is automatically stopped and tiiereafter almost 
all of the coolant is directed toward the inside evapora- 
tor 34. That is, in the invention, only for a limited period 
(viz., warm-up period) from the system start-up, the sys- 
tem 10A exhibits the highest heating performance, 
which induces quick heating of the passenger room. 

In the following, operation will be described witii 
respect to a condition wherein, with the passenger room 
kept sufflcientiy heated under the "reheat mode" of the 
system 1 0A, a door of the vehicle is opened. 
• When the door is opened, the indoor temperature is 
rapidly lowered due to flowing of the colder outside air 
into the passenger room. Thus, the air led into the duct 
18 through the second opening 3 is lowered, and thus 
the terriperature of coolant in the outiet of the inside 
evaporator 34 is lowered. When sensing this tempera- 
ture drop, the second temperature sensor 42 adjusts 
the throttling of the inside expansion valve 30 for keep- 
ing the degree of superheat of the coolant constant, so 
tiiat the pressure of coolant discharged from the inside 
evaporator 34 Is reduced. 
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When the reduced pressure of the coolant from the 
inside evaporator 34 becomes lower than the set pres- 
sure "SP" of the pressure regulating valve 38, the throt- 
tling of the pressure regulating valve 38 Is reduced by a , 
degree corresponding to the reduction of pressure, s 
Accordingly, a part of the coolant at the branch point 22 
is now directed toward the outside evaporator 2iB, as a 
working fluid for the heater circuit. . ;= ! ; \ .{ ; 

>: As is understood from the above, when the ihdpor . 
temperature is lowered due to opening the door or the io 
<iike. the flowing direction of coolant changes so that the , 
<heat pump function starts for heating the passenger 
;r6om. Thus, after the door is closed, the passenger 
room is heated and the temperature of the Indoor air led 
Into the duct 18 through the second opening 3 is is 
increased. Thus, the pressure of coolant in the outlet of 
the inside evaporator 34 is increased to a level to open 
the pressure regulating valve 38. Thus, finally, almost all 
of the coolant at the branch point 22 becomes directed 
toward the inside evaporator 34. 20 

As is described hereinabove, when the passenger 
room is cooled after the same has been heated to a suf- 
ficient level, a part of the coolant at the branch point 22 
is directed toward the outside evaporator 28 for restart- 
ing the heater function of the heat pump system 10A. 2s 
Thus, even when the passenger room is cooled, the 
same can be quickly heated again to the sufficient level. 
\\ In order to examine the performance of the heat 
^'Dmp system IDA of the first embodiment. 8ey;eral 
^cperiments were carried out by the Inventors. ' so 

In the following, results of the experinrients will be 
described with reference to Figs. 2. 3 and 4. The exper-; , 
iinrients were those in which a passenger room was : 
heated by using the heat purrp system 10A of the first 
Embodiment or some conventional heat pump system's. 3s 

Fig. 2 is a graph showinig the temperature change 
in the passenger room with passage of time from start- 
ili^^df the systems. It is to be noted that the curve indi- 
cated by *'reference-r is the result obtained by the con- 
ventional heat pump system of Fig. 18 and the curve 40 
indicated by "reference-2" is the result obtained by the 
other conventional heat pump system of Fig. 19. 

Of course, the experiments of these three systems 
were carried out under the same condition. That is, the 
outside air temperature and the indoor temperature 4S 
were both zero before starting systems. The relative 
humidity of them was both 40%, and assumption was so 
made that the vehicle is running at the speed of 
40Km/h. 

As is seen from the graph, in case of reference-!, so 
within about 10 minutes from the system start-up, mist- 
ing appeared on the windshield. In case of reference^! I, 
the undesired misting did not appear even after 25.mln- 
lites from the system start-up and it took about 1 5 min- ' 
utes until the indoor temperature was increased to ss 

While, in case of the system 10A of the invention,. . 
tlie undesired misting did not appear even after 25 miri-' 

in--* . . 



utes from the system start-up like in case of reference- 
II. While, in the invention, it took only 5 minutes until the 
indoor temperature was increased to IS^'C. 

i Thus, (it will be appreciated that in accordance with 
the system 10A of the invention, the undesired misting 
. on a windshield is avoided and a very quick heating of 
the passenger room from the system start-up is 
obtained. 

. Rg. 3 is a graph showing the coolant distribution 
characteristic of the system 10A at the branch point 22 
in terms of the rate between the amount of coolant 
directed toward the inside evaporator 34 and that 
toward the outside evaporator 28. 

As is seen from this graph, at the start-up of the 
system 10A, almost all of the coolant was directed 
toward the outside evaporator 28. Thus, at that time, the 
system 10A operates as a pure heater for quickly heat- 
ing the passenger room. After 5 minutes from the start- 
up of the system 10A, the distribution rate became to 
show about 50%, so that about 50% of the coolant was 
directed toward the inside evaporator 34 for the dehu- 
midification of the air in the passenger room. After 25 
niinutes from the start-up, almost all of the coolant was 
dirercted toward the inside evaporator 34, and thus, 
heating and dehumidification of the passenger room 
were carried out simultaneously. 

As is mentioned in the foregoing description, in the 
system 10A of the first emtxxliment of the present 
invention, ithe coolant distribution rate between the 
inside and outside evaporators 34 and 28 is automati- 
cally varied in accordance with the passage of time 
and/or the change in temperature of the outside air arKi 
the indoor, air. Thus, avoidance of misting on the wirxJ- 
shield and quick heating of the passenger room at the 
system start-up bre both achieved without aid of an 
expensive and complicated electronic controller. 

Rg. 4 Is a graph showing the power consumption 
characteristic of the system 10A and that of reference-ll 
(Fig. 19). The experiment of reference-l was given up 
halfway because of quick appearance of misting on the 
windshield. After 25 minutes from the start-up, that is, at 
the time for keeping the temperature of the passenger 
room at about 22 *'C and dehumidifying the air in the 
room (see Fig. 2), the prior art system of reference-ll 
consumed about 2.2 KW/h. while the system 1 0A of the 
invention consumed only about 1.6 KW/h. Even after 50 
minutes from the start-up. the system 1 0A of the inven- 
tion showed a smaller power consumption than the sys- 
tem of reference-ll. 

Thus, it will be appreciated that in the system 10A 
of the invention, the heating and dehumidification of tiie 
indoor air are achieved with a reduced power consump- 
tion. 

; ; If desired, the valve 35 may have a construction 
through which the set pressure "SP** thereof can be 
finely adjusted in accordance with the outside air tem- 
perature. In this case, even when the outside air tem- 
perature is- lower than -lO^'C. tiie heat of the outside air 
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can be effectively collected by operating the compres- 
sor 12 at high speed. 

Fig. 5 shows a pressure regulating valve 38a of 
such fine adjustable type. Fig. 6 is a block diagram of a 
control drcuit which finely adjusts the set pressure "SP" 
of the valve 38a in accordance with the outside air tem- 
perature, and Rg. 7 Is a graph showing the coolant dis- 
tribution characteristic of tiie heat pump system 10A 
which employs the pressure regulating valve 38a of Fig. 
5 in place of the valve 38. 

As is shown in Fig. 5, the pressure regulating valve 
38a comprises a base body 76 having therein a bent 
passage 74. The bent passage 74 has an inlet pprtion 
70 connected to the inside evaporator 34 (see Fig. 1) 
and an outlet portion 72 connected to tiie compressor 
12. A cylindrical valve member 78 is axially movably 
received in a part of tiie passage 74. A lower tapered 
end 78a of the valve member 78 is sealingly oontactable 
with a valve seat 80 defined by the part of the passage 
74. That is, when the lower tapered end 78a of the valve 
member 78 is in contact witii tiie valve seat 80 as shown 
in tiie drawing, coolant from the inlet portion 70 to the 
outiet portion 72 is blocked. 

The valve member 78 has at its upper end a flange 
78b. A coil spring 82 is disposed about the valve mem- 
ber 78 and compressed between tiie flange 78b and a 
part of tiie valve body 76. so that the valve member 78 
is biased in a direction away from the valve seat 80. 

The flange 78b of the valve member 78 is in abut- 
ment with a lower end of a plunger 86 which is axially 
moved by a solenoid coil 84. The solenoid coil 84 is 
mounted on tiie valve body 76. When the solenoid coil 
84 is energized by a certain intensity of electric power, 
the plunger 86 is moved downward moving tiie valve 
member 78 to the close position against the force of the 
coil spring 82. The force of tiie plunger 86 to keep the 
valve member 78 at the dose position is substaritialty 
proportional to the intensity of electi'lc current applied to 
the sdenoid coil 84. Thus, the valve open pressure (viz:, 
set pressure '*SP") can be finely adjusted by odntrolling 
the intensity of tiie current. 

As is shown in Fig. 6, the solenoid coil 84 is con- 
nected to a power supplier 88 which is controlled by a 
control unit 90. The conti'ol unit 90 receives an informa- 
tion signal from an outside air temperature sensor 92. 
The set pressure "SP" of the pressure regulating valve 
38a is thus controlled in accordance with the outside air 
temperature. That is, when, for example, receiving from 
the temperature sensor 92 an information signal repre- 
senting that the outside air temperature is low, the con- 
trol unit 90 controls the power supplier 88 in a manner to 
reduce the current applied to the solenoid coil 84. With 
this, the set pressure "SP" of the valve 38a is set to a 
low level. 

If the outside air temperature is around -lO^'C, the 
set pressure "SP" of the valve 38a should be about 
1.6Kg/cm^Q. In fact, the set pressure "SP** is previously 
determined every one degree from for example -10 ""C 



to +1 5 "C of the outside air temperature. 

Fig. 7 is a graph showing the coolant distribution 
.characteristic of two systems, one being provided by 
adjusting the set pressure "SP" of the pressure regulat- 
ing valve 38a to 1 .9 Kg/cm^G (for tiie outside air of 0**C) 
arid other being provided by adjusting the set pressure 
"SP" to 1 .6 Kg/cm^G (for the outside air of -1 0«C). 

As may be seen from the graph of Fig. 7, as the out- 
side air temperature lowered, the time at which the 
valve 38a starts to open came faster, that is, the time at 
which the inside evaporator 34 starts to receive the 
coolant came faster. As a result, tiie entire amount of 
coolant fed to the compressor 12 was increased. 

When, in general, the outside air temperature is 
low. coolant flow is restricted and tiius the evaporation 
pressure at the lower pressure size is remarkably low- 
ered. In this case, the compressor 12 tends to have poor 
lubrication due to undesired foaming of the coolant 
mixed with the lubrication oil and thus sliding members 
of the compressor 1 2 tend to bear a marked load. How- 
ever, if the above-mentioned pressure regulating valve 
38a is used, a larger amount of coolant can be fed to the 
compressor 12 at early time from the system start-up. 
so that the above-mentioned lack of lubrication oil at 
tiiat start-up condition can be avoided. Thus, a high 
speed operation of the compressor 1 2 is available even 
at that start-up condition. Furthermore, since the pres- 
sure in the lower pressure side is increased, the load of 
the compressor 12 can be reduced. Furthermore, since 
the heating performance of the system 10A is increased 
due to incrisase in amount of the coolant fed to the 
Inside evaporator 34, the passenger room can be 
quickly heated. 

If desired, the pressure regulating valve 38a may be 
modified. That is, the coil spring 82 is disposed between 
the flange 78b of tiie valve member 78 and the lower 
end of the plunger 86. Also in this case, tiie force for 
keeping the valve member 78 at the close position can 
be controlled by the intensity of the current applied to 
the solenoid coil 84. 

Although, in the foregoing description, the outside 
air temperature is used as a parameter for controlling 
the cunent applied to the solenoid coil 84, any physical 
quantity can be used as tiie parameter so long as it can 
vary In accordance with change of the outside air tem- 
perature. Furthermore, if desired, as a parameter for 
controlling the current applied to the solenoid coil 84, 
the pressure prevailing in the lower pressure portion of 
the outside evaporator 28 may be used. 

In addition to the above-mentioned arrangement in 
which the set pressure "SP" of the pressure regulating 
valve 38a is controlled, another measure may be 
employed wherein when the amount of coolant directed 
to the outside evaporator 28 Is reduced, the electric fan 
44 is stopped for power saving. This measure is very 
effective when the system 10A is mounted on an elec- 
tric vehicle. 

Rg. 8 is a block diagram of a control circuit 93a 
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which controls operation of the electric fan 44. The cir- 
cuit 93a comprises a control unit 9-4 which controls the 
fan 44 in ON/OFF manner. A main switch 95, a mode 
selection switch 96, a vehicle speed sensor 97, a first 
coolant flow meter 98 and a second coolant flow meter 5 
99 are connected to the control unit 94 to feied the unit 
94 with various information signals. The. main switch 95 
is used for turning ON or OFF an automotive air condi- , 
tioning device in which the system 10A is installed. The 
mode selection switch 96 is used for permitting the air w 
conditioning device to select a heating mode or a cool- 
ing mode. The first coolant flow meter 98 meters the full 
flow of coolant directed to the branch point 22 (see Fig. 
1) from the receiver dryer 20, while, the second coolant 
flow meter 99 meters the part flow of coolant directed . 15 
toward the outside evaporator 28 from the branch point 
22. . 
iV Fig. 9 is a fbwchart showing programmed opera- 
tion steps carried out by the control unit 94 for control- 
ling the electric fan 44. 20 
\< At step S-1, a judgement is candied out as to 
whether the main switch 95 has been turned ON or not. 
If YES, the operation flow goes to step S-2. At this step, 
a judgement is carried out as to whether the vehicle 
speed is lower than 80 Km/h or not. If NO, that is, when 25 
the vehicle is running at a speed higher than 80 Km/h, 
the operation flow goes to step S-6 to instantly stop the 
electric fan 44. That is, when the vehicle is running at a 
higher speed, a sufficient amount of outside air cari be 
led to the outside evaporator 28. and thus, energization 30 
of the electric fan 44 is unnecessary. If YES at step &-2. 
that is, when the vehicle is running at a speed lower 
than 80 Km/h. the operation flow goes to step S-3. At 
this step, treating the information signal from the mode 
i^lection switch 96, a judgement is carried out as to 35 
whether the air conditioning device has selected the 
^eating mode or not. If NO, that is. when the air coixli- 
tibning device has selected the cooling mode, the con- 
trol operation is ended. While, if YES at step S^3, the; 
operation flow goes to step S-4. At this step, treating the^ 40 
ififormation signals from the first and second dobiant 
flow meters 98 and 99. the rate (percentage) "R" of the 
part flow "02" of coolant directed to the outside evapo- 
rator 28 relative to the full flow "01 " of coolant directed 

the branch point 22 from the receiver dryer 20 is cal- 4S 
culated. Then, the operation flow goes to step S-5. At 
this step, a judgement is carried out as to whether the 
riate "R" is lower than 20 % or not If NO, that is, when 
the rate "R" is higher than 20 %, the control operation is 
ended without stopping the electric fan 44. If YES at so 
step S-5, that is. when the rate "R" is lower than 20 %. 
the operation flow goes to step S-6 and insfantly stop 
the electric fan 44. 

By controlling the electric fan 44 in the above-men- 
tioned manner, the electric fan 44 can be operated ss 
effectively and thus power saving is achieved. 

If desired, the rate "R" may be 15 % or 25 % 
depending on the performance needed by the outside 



evaporator 28. 

Rg. 10 is a t^lock diagram of another control circuit 
93b which controls operation of the electric fan 44. The 
circuit 93b comprises a control unit 94 which controls 
the fan 44 in ON/OFF manner. A main switch 95. a 
mode selection switch 96. a vehicle speed sensor 97. 
an indoor air temperature sensor 100 and an outside air 
temperature sensor 92 are connected to the control unit 
94 to feed the unit 94 with various information signals. 
The indoor air temperature sensor 100 senses the tem- 
perature in the passenger room. 

Rg. 1 1 is a flowchart showing programmed opera- 
tion steps carried out by the control unit 94 for control- 
ling the electric fan 44. 

At step S-11, a judgement is carried out as to 
whether the main switch 95 has been turned ON or not. 
If YES. the operation flow goes to step S-1 2. At this 
step, a judgement is carried out as to whether the vehi- 
cle speed is lower than 80 Km/h or not. If NO, that is. 
when the vehicle speed is higher than 80 Km/h, the 
operation flow goes to step S-1 5 to instantly stop oper- 
ation of the electric fan 44. If YES at step S-1 2. that is. 
when the vehicle speed is lower than 80 Km/h, the oper- 
ation flow goes to step S-1 3. At this step, treating the 
information signal from the mode selection switch 96, a 
judgement is carried out as to whether the air condition- 
ing device has selected the heating mode or not. If NO, 
tinat is. when the air conditioning device has selected 
the cooling mode, the control operation is ended. While, 
if YES at step S-13, the. operation flow goes to step S- 
14. At this step, treating the information signals from the 
two temperature sensors 100 and 92. a judgement is 
carried out as to whether the fan 44 should be stopped 
oi- not. That is, for this judgement, judge-maps stored in 
the control unit 94 are used as will be described herein- 
after. If YES at step S-1 4, the operation flow goes to 
step S-1 5 and instantly stops the electric fan 44. While, 
if NO at step S-1 4, the control operation is ended with- 
out sitopping the fan 44. 

Rg. 12 is a graph showing three judge-maps used 
in the st^ S-1 4 of the flowchart of Fig. 1 1 . Each map 
represents one combination of the outside air tempera- 
ture and the indoor air temperature with respect to a 
given set pressure "SP" of the pressure regulating valve 
38a. The maps shown are provided for tiiree set pres- 
sures "SP", which are 1.6, 1.9 and 2.2 Kg/cm^Q. If the 
temperatures sensed by the two temperature sensors 
100 and 92 are plotted on a position below the curve of 
the con'esponding judge-map. a '^an-off" instruction sig- 
nal is applied to the control unit 94 to stop tiie fan 44. 
while, if they are plotted on a position above the curve, 
a *'fanH3h" instruction signal is applied to the control unit 
94 to keep operation of tiie fan 44. 

Rg. 13 is a t^lock diagram of still another control cir- 
cuit 93c which controls operation of the electric fan 44. 
The circuit 93c comprises a control unit 94 which con- 
trols the fan 44 in ON/OFF manner. A main switch 95, a 
mbde selection switch 9S, a vehicle speed sensor 97, a 
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timer 101 and an outside air temperature sensor 92 are 
connected to the control unit 94. The timer 101 counts 
the time elapsed from start-up of the system 10A 
installed in the air conditioning device. 

Fig. 14 is a flowchart showing programmed opera- 
tion steps carried out by the control unit 94. 

At step S-21. a judgement is carried out as to 
whether the main switch 95 has been turn ON or not. If 
YES, the operation flow goes to step S-22 to judge 
whether the vehicle speed is lower than 80 Km/h or not. 
If NO. the operation flow goes to step S-25 to instantly 
stop operation of the electric fan 44. If YES at step S-22. 
the operation flow goes to step S-23 to judge whether 
the air conditioning device has selected the heating 
mode or not. If YES. the operation flow goes to step S- 
24. At this step, treating the information signals from the 
timer 101 arxl the outside air temperature sensor 92. a 
judgement is carried out as to whether the fan 44 should 
be stopped or not. That is. for this judgement, judge- 
maps stored in the control unit 94 are used as will be 
described hereinafter. If YES at step S-24, the operation 
f low goes to step S-25 to instantly stop operation of the 
fen 44. While, if NO. at step S-24, the control operation 
is ended without stopping the fan 44. 

Fig. 15 is a graph showing three judge-maps used 
in the step S-24 of the flowchart of Fig. 14. Each map 
represents one combination of the outside air tempera- 
ture and the elapsed time counted by the timer 101 with 
respect to a given set pressure "SP** of the pressure 
regulating valve 38a. The maps shown are provided for 
three set pressures "SP**. which are 1.6. 1.9 and 2.2 
Kg/cm^. If the temperature sensed by the outside air 
temperature sensor 92 and the elapsed time counted by 
the timer 101 are plotted on a position below the curve 
of the corresponding judge-map. a ^'fan-off" instruction 
signal is applied to the control unit 94 to stop the fan 44, 
while, if they are plotted on a position above the curve, 
a *1an-on'* instruction signal is applied to the coritrol unit 
94 to keep operation of the fan 44. 

Referring to Figs. 16 and 17, there is shown a cir- 
cuit of a heat pump system 10B which is a second 
embodiment of the present invention. As will become 
apparent as the description proceeds, the system 10B 
of this second embodiment can be used as both a 
heater and a cooler. 

Since the base arrangement of this second embod- 
iment 10B is similar to the above-mentioned first 
embodiment 1 0A of Fig. 1 . only different portons will be 
described in the following. 

A first check valve 50 is installed in the passage P3 
which extends from the condenser 14 to the receiver 
dryer 20. A second check valve 54 is installed in a first 
bypass passage 52 which extends between the pas- 
sage P3 and the passage PI. A third check valve 56 is 
installed in the passage P1 . A second bypass passage 
58 bypasses both the electromagnetic valve 24 and the 
outside expansion valve 26. A fourth check valve 60 is 
installed in the second bypass passage 58. 



In addition to the above, a flow switch circuit is 
employed, which comprises a two-way valve 62. The 
two way-valve 62 can pivot between a cooler position as 
shown in: Fig. 1 6 and a heater position as shown in Rg. 
5 17. In the cooler position of Fig. 16. the two-way valve 
■ 62 connects the outiet of the compressor 12 with the 
passiage P2 and connects the passage P4 from the con- 
.denser 14 with the passage P5 from the pressure regu- 
lating valve 38. The inlet of the compressor 12 is 
70* connected to the passage P5 through a passage P6. 
While, in the heater position of Fig. 17, the two-way 
valve 62 connects the outlet of the compressor 12 with 
. the passage P4 and connects the passage P2 with the 
passage P5. 

75 When it is needed to operate the heat pump system 
1 0B as a cooler, the two-way valve 62 is turned to take 
the cooler position as shown in Fig. 16. Under this con- 
dition, the compressed coolant from the compressor 12 
is forced to flow in the direction of tiie arrows. That is, 

20 under this cooler mode, the compressed coolant from 
the conpressor 12 is led into the outside evaporator 28 
and cooled by the outside air. and then led into the 
receiver dryer 20. The cooled and compressed coolant 
is then expanded by the inside expansion valve 30 and 

25 led into the inside evaporator 34 to cool the air which 
flows in the duct 1 8 toward the passenger room. 

While, when it is needed to operate the heat pump 
system 1 0B as a heater, the two-way valve 62 is turned 
to take the heater position as shown in Fig. 17. Under 

30 . this condition, the compressed coolant from the com- 
. pressor 12 is forced to flow in the direction of the arrows, 
: which is substantially the same as the coolant flow of 
the abovet-mentioned first embodiment 10A of Fig. 1 . 

35 ■ Claims 

1 . A heat pump tyj3e air conditioning system compris- 
ing; an air duct (18) in which air flows in a given 
direction with an aid of air blowing means (16), a 

40, condenser (14) disposed in said air duct (18), a 
' compressor (12) ha>>ing an outlet connected to an 
inlet of said condenser (14), a receiver dryer (20) 
■ having an inlet connected to an outlet of said con- 
denser (14), an inside evaporator (34) disposed in 

45 said air duct (1 8) at a position upstream of said con- 
denser (14), an inside expansion valve (30) having 
both an inlet connected to said receiver dryer (20) 
and an outiet connected to an inlet of said inside 
evaporator (34). characterized by an outside 

so expansion valve (26) having an inlet connected to 
an outiet of said receiver dryer (20) through a first 
passage (PI), an outside evaporator (28) having 
both an inlet connected to an outiet of said outside 
expansion valve (26) and an outiet connected to an 

55 inlet of said compressor (1 2) through a secorKl pas- 
sage (P2), and by coolant distributing means 
(22,24) which feeds said inside evaporator (34) wrtii 
' at least a part of coolant discharged from said 
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receiver dryer (20) when the coolant pressure in an 
outlet of said inside evaporator (34) exceeds a pre- 
determined degree. 

A heat pump type air conditioning system as 
claimed in claim 1 , in which said coolant distributing 
means (22,24) comprises: 

a third passage extending from said second 
passage (P2) to the outlet of said inside evapo- 
rator (34); and 

a pressure regulating valve (38) operatively 
installed in said third passage, said valve (38) 
being opened when the coolant pressure in its 
inlet exceeds said predetermined degree. 

A heat pump type air conditioning system as 
claimed in claim 2. in which said coolant distributing 
means (22,24) further comprises: 

an electromagnetic valve (24) installed in said 
first passage at a position between said 
receiver dryer (20) and said outside expiansion 
valve (26). said electromagnetic valve (24) 
closing said first passage (PI) when electri- 
cally energized. 



7. 



A heat pump type air conditioning system as 
claimed in daim 5, in which said control means 
comprises: 

electric k>aslng means (84) which, upon receiv- 
ing and electric power, produces a force for 
biasing said pressure regulating valve (38) to 
take its closed position; 

a power supplier (88) for feeding said electric 
basing means (84) with the electric power; 
an outside air temperature sensor (92) whjch 
issues an instruction signal representing the 
temperature of the outside air; and 
a control unit (90) which controls the electric 
power from the power supplier in accordance 
with the instruction signal from said outside air 
temperature sensor (92). 

A heat pump type air conditioning system as 
claimed in claim 6, in which said pressure regulat- 
ing valve (38) comprises: 
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A heat pump type air conditioning system as 
claimed in claim 1, in which NON-CFC Refrigerant 
is used as the coolant. so 



A heat pump type air conditioning system as 
claimed in claim 2, further connprising control 
means (90) which controls the set pressure of said 
pressure regulating valve (38) in accordance vyith 
the outside air temperature. 
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a base body (76) having therein a bent pas- 
sage (74), said bent passage (74) having one 
end connected to said outlet of said inside 
evaporator and the other end connected to said 
second passage; 

a valve member (78) which closes said bent 
passage (74) when assuming its close position; 
and 

biasing means (84,86) for biasing said valve 
member (78) in a direction away from said 
close position. 

wherein said valve member (78) is biased to 
take^ said dose position when said electric bas- 
ing means receives the electric power. 

8. A heat pump type air conditioning system as 
daimed in claim 7. in which said electric biasing 
.means comprises: 

a solenoid coil (84) mounted on said valve body 
(76), and 

a plunger (86) €ucially movable in said solenoid 
, coil (84). said plunger (86) having one end put 
on said valve member (78). 

9. A heat pump type air conditioning system as 
claimed in claim 1 , further comprising: 

an electric fan (44) which, when energized, 
produces air flow to cool said outside evapora- 
tor (28): and 

control means (94) for deenergizing said elec- 
tric fan (44) when cooling of said outside evap- 
orator (28) becomes unnecessary 

10. A heat pump type air conditioning system as 
daimed in claim 9, in which said control means 
comprises: 

means (96) for stopping said electric fan (44) 
when the speed of an associated vehicle on 
which said air conditioning system is mounted 
exceeds a predetermined degree. 
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A heat pump type air conditioning system as 
daimed in claim 10, in which said control means 
further cpmprises:' 

means for stopping operation of said electric 
fan when the rate of the amount of coolant 
directed to said outside evaporator relative to 
the amount of coolant discharged from said 
receiver dryer becomes smaller than a prede- 
termined value. 



12. A heat pump type 
daimed in claim 10. 
further comprises: 



air conditioning system as 
in which said control means 
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means (92,100) for stopping operation :0f said 
electric fan when the existing outside air tem- 
perature is lower than a given degree which 
has been predetermined based on both the 
outside air temperature and the temperature in 
a passenger room of the vehicle. 

13. A heat pump type air conditioning system as 
claimed in claim 10. in which said control means 
further comprises: 

means (92,101) for stopping operation of said 
electric fan when the existing outside air tem- 
perature is lower than a predetermined degree 
which has been predetermined based on both 
the outside air temperature and the time 
elapsed from start-up of the air conditioning 
system. 

14. A heat pump type air conditioning system as 
claimed in claim 1. further comprising a second cir- 
cuit which is incorporated with said first circuit to 
permit the air conditioning system to serve as both 
a heater and a cooler. 

15. A heat pump type air conditioning system as 
claimed in claim 14, in which said secorid .'circuit 
comprises: ' \' 

a first check valve (50) interposed between the 
outlet of said condenser (14) and the inlet of 
the receiver dryer (20); 

a second check valve (54) interposed between 

the inlet of said receiver dryer (20) and the inlet 

of said outside expansion valve (26); 

a tiiird check valve (56) interposed between the 

outiet of said receiver dryer (20) and the inlet of 

said outside expansion valve (26); 

a bypass passage (58) bypassing said outside 

expansion valve (26); 

a fourth check valve (60) installed in said 
bypass passage; and 

a two-way valve (62) which can pivot between a 
cooler position and a heater position, said 
cooler position being a position wherein the 
outlet of said compressor (12) is connected 
with the outiet of said outside evaporator (28) 
and at the same time the outiet of said pressure 
regulating valve (38) is connected with the inlet 
of said condenser (14), said heater position 
being a position wherein the outiet of said; com- 
pressor (12) is connected with the inlet pf said 
condenser (1 4) and at the same time the outlet 
of said outside evaporator (28) is connected 
with said outlet of said pressure regulating 
valve (38). 

16. A heat pump type air conditioning system as 



claimed in claim 1 . in which the throttle operation of 
said outside expansion valve (26) is controlled by a 
first temperature sensor which is positioned near 
the outlet of said outside evaporator (28), and in 
5 which the throttle operation of said inside expan- 

sion valve (30) is controlled by a second tempera- 
ture sensor which is positioned near the outlet of 
said inside evaporator (34). 

10 17. A heat pump type air conditioning system as 
claimed in claim 1 , in which said air duct comprises: 

means for defining at a position upstream of 
said air blowing means (16) first and second 
15 openings (1:3), said first opening being com- 

municated with the open air and the second 
opening being communicated with the passen- 
ger room; and 

a damper door (5) which selectively opens and 
20 closes said first and second openings ( 1 ;3). 

PatentansprOche 

1. Eine Klimaanlage mit Wdrmepunnpe, umfessend 
25 einen Luftkanal (1 8), in welchem Luft mit Hilfe einer 

Vorrichtung, urn Luft anzublasen (16), in eine 
bestihimte Richtung fiie8t, einen in dem Lxifti^nal 
(18) angeordneten KQhIer (14), einen Kompressor 
(12), welcher einen Ausgang aufweist, der mit 

30 einem Eingang deis KQhIers (14) vert)unden ist, 
einen Trockner (20), welcher einen Eingang auf- 
weist, der mit einem Ausgang des KOhlers (14) ver- 
bunden ist, einen im Luftkanal (18) in einer Stellung 
stromaufwarts des KOhlers (14) angeordneten 

35 Innenverdampfer (34). ein Innenexpansionsventil 
(30). welches sowohl mit einem Eingang mit dem 
Trockner (20). als auch mit einem Ausgang mit 
einem Eingang des Innenverdampfers (34) verbun- 
den 1st, 

40 gekennzeichnet durch 

ein AuBenexpansionsventil (26), welches einen 
Eingang aufweist, der durch einen ersten Durch- 
gang (PI) mit einem Ausgang des Trockners (20) 
verbunden ist. einen AuBenverdampfer (28), wel- 

45 Cher sowohl einen mit einem Ausgang des AuBen- 
expansionsverntils (26) verbundenen Eingang und 
einen durch einen zweiten Durchgang (P2) mit 
einem Eingang des Kompressors (12) vert}unde- 
nen Ausgang aufweist und Mittel zur Verteilung des 

50 K^temittels (22, 24). welche zumindest einen Teil 
des aus dem Trockner (20) strOmenden KSItemit- 
tels zum Innenverdampfer (34) fuhrt, wenn der 
Druck des KDhlmittels in einem Ausgang des 
Innenerdampfers (34) einen vorbestimmten Wert 

55 Qbersteigt. 

2. Eine Klimaanlage mit Wdrmepumpe nach 
Anspruch 1. wobei das Mittel zur Verteilung des 
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Kdltemittels (22. 24) umfaBt: 

einen dritten Durchgang, der sich von dem 
zwelten Durchgang (P2) zu dem Ausgang des 
Innenverdampfers (34) erstreckt und s- 
ein Ventil zur Druckregulierung (38) funktiohs- 
mdBig in dem dritten Durcligang angeordnet - 
ist, wobei dieses Ventil geOffnet 1st. w^nh' der 
Druck des Kdltemittels an selnem Eingang den ' 
vorherbestimmten Wert Obersteigt. 

3. Eine Klimaanlage mit Wdrmepumpe nach 
Anspruch 2. wobei das Mittel zur Verteilung des 
KQhImittels (22. 24) welter umteSt: 

IS 

ein elektromagnetisches Ventil (24), das in 
dem ersten Durchgang an einer Position zwi- 
schen dem Trockner (20) und dem AuBenex- 
pansionsventil (26) angebracht ist, wobei das 
elektromagnetische Ventil (24) den ersten 20 
Durchgang (PI) verschlie8t. wenn es elek- 
trisch aktiviert wird. 

4. Eine Klimaanlage mit Wdrmepumpe nach ' 
Anspruch 1. wobei das Kaitemittel kein FCKW- 25 
KOhlmittel umfaBt. 

5. Eine Klimaanlage mit Wdrmepumpe nach 
Anspruch 2. welche welter ein Steuermittei (90) 
umfaBt, welches den eingestellten Druck des Ven- 30 
tils zur Druckregulierung (38) entsprecherxil der 
AuBenlufttemperatur steuert. ■! 

6. Eine Klimaanlage mit Wdrmepumpe nach ' 
Anspruch 5, wobei das Steuermittei umteBt: 35 

ein elektrlsches Steuerungsorgan (84), das 
unter elektrischer Spannung eine Kraft 
erzeugt, mit der das Ventil zur Druckregulie- 
rung (38) in seine geschlossene Stellung ein- 40 
zunehmen gestellt wird; 
eine Spannungsquelle (88). um das elektrische 
Steuerungsorgang (84) mit elektrischer Span- 
nung zu versorgen; 

einen Sensor zur Feststellung der AuBenluft- 45 
temperatur (92), welcher ein der Temperatur 
der AuBenluft entsprecherxies Anwelsungssi- 
gnal abgibt und 

eine Steuereinheit (90). welche die elektrische 
Spannung von der Spannungsquelle in Ober- so 
einstimmung mit dem Anweisungssignal von 
dem AuBenlufttemperatursensor (92) steuert. 

<. 

7. Eine Klimaanlage mit Wdrmepumpe nach 
Anspruch 6, wobei das Ventil zur Druckregulierung 55 
(38) umfaBt: : 

A' * ' . 

einen GrundkOrper (76) mit etnem darin ange- . 



ordneten, gebogenen Durchgang (74). wobei 
der gebogene Durchgang (74) an einem Ende 
rnit dem Ausgang des Innenverdampfers und 
mit dem anderen Ende mit dem zweiten Durch- 
gang verbunden ist; 

ein Ventilgiied (78), welches den gebogenen 
Ventildurchgang (74) be! EInnahme der 
geschlossenen Stellung abschlieBt und 
Steueruhgsorgane (84. 86) zur Steuerung des 
Ventilgliedes (78) in eine von der geschlosse- 
nen Stellung entfernte Richtung, 
wobei das Ventilgiied (78) gesteuert wird, um 
die geschlossene Stellung einzunehmen, wenn 
das Steuerungsorgan elektrische Spannung 
empfdngt. 

8. Eine Klimaanlage mit Wdrmepumpe nach 
Anspruch 7, wobei das elektrische Steuerungsor- 
gan umfaBt: 

eine auf dem VentilkCrper (76) angeordnete 
Wickelspule (84) und 

einen axial In der Wickelspule (84) bewegli- 
chen Kbiben (86). wobei der Kbiben (86) an 
einem Ende mit dem Ventilgiied (78) verbun- 
den ist. 

9. Eine Klimaanlage mit Wdrmepumpe nach 
Anspruch 1 , welche weiter umfaBt: 

einen elektrischen Ventilator (44), welcher bei 
Aktiyierung einen Luftstrom erzeugt, um den 
AuBenverdampfer (28) zu kOhlen und 
Steueruhgsorgane (94), um den elektrischen 
Ventilator (44) auszuschalten. wenn das KOh- 
len des AuBenventilators (28) unnOtig wird. 

10. Eine Klimaanlage mit Wdrmepumpe nach 
Anspruch 9. bei welcher das Steuerungsmittel 
umfaBt: 

Mittel (96). um den elektrischen Ventilator 
abzustellen. wenn die Geschwindigkeit eines 
zugeordneten Fahrzeugs, in welchem die Kli- 
maanlage installiert wurde, einen vorbestlmm- 
ten Wert Qberschreitet. 

11. Eine Klimaanlage mit Wdrmepumpe nach 
Anspruch 10. wobei das Steuerungsmittel weiter 
umfaBt: 

Mittel. um die Wirkung des elektrischen Venti- 
lators abzustellen. wenn das Verhditnis der 
Menge des dem AuBenverdampfer zugefQhr- 
ten Kdltemittels zu der Menge des aus dem 
Trockner ausstrOmenden Kdltemittels Meiner 
als ein vorbestimmter Wert wird. 



12 



23 



EP0 681 933 B1 



24 



12. EIne Klimaanlage mit Wdrmepumpe nach 
Anspruch 10, in welcher das Steuerungsmittel wai- 
ter umfalSt: 

Mittel (92, 100), urn die Wirkung des elektri- S' 
sdien Ventilators abzustellen, wenn die vor- 
handene AuBenlufttenfiperatur niedriger als ein 
bestinvnter Wert ist, welcher anhand der 
AuBenlufttemperatur und der Temperatur in 
einem Fahrgastraum des Fahrzeuges voibe- io 
stimmt Ist. 

13. Eine Klimaanlage mit Wdrmepumpe ■ nach 
Anspruch 10, in welcher das Steuerungsmittel wel- 
ter umfaOt: is 

Mittel (92, 101), urn die Wirkung des eleklri- 
schen Ventilators abzustellen, wenn die vor- 
handene AuBentemperatur niedriger als ein 
vorbestimmter Wert ist, welcher anhand der 20 
AuBentemperatur und der seit dem Aniaufen 
der Klimaanlage vergangenen Zeit vorbe- 
stimmt ist. 

14. Eine Klimaanlage mit Warmepumpe ' nach 25 
Anspruch 1, welche weiter einen zweiten, in den 
ersten Kreislauf integrierten Kreislauf aufweist, um 

die Klimaanlage sowohl als Heizanlage als auch 
zur Kuhlung zu benutzen. 

30 

15. Eine Klimaanlage mit Warmepumpe nach 
Anspruch 14. wobel der zweite Kreislauf umfaBt: 

ein zwischen dem Ausgang des Kuhlers (14) 
und dem Eingang des Trockners (20) aingeord- 3S 
netes erstes Steuerventil (50); '.' . ' 

ein zweites zwischen dem Eingang des Trock- 
ners (20) und dem Eingang des AuBehexpansi- 
onsventils (26) angeordnetes Steuerventil (54); 
ein drittes zwischen dem Ausgang des Trock- 40 
ners (20) und dem Eingang des AuBenexpansi- 
onsventils (26) angeordnetes Steuerventil (56); 
einen Umgehungsdurchgang (58), welcher das 
AuBenexpansionsventil (26) umgeht; 
ein viertes, In dem Umgehungsdurchgang 4S 
angeordnetes Steuerventil (60): und 
ein Zweiwegeventil (62), welches zwischen 
einer KQhIstellung und einer Heizstellung 
schwenkbar ist. wobei die KQhIstellung eine 
Stellung ist. bei der der Ausgang des Kompres- so 
sors (12) mit dem Ausgang des AuBenver- 
dampfers (28) verbunden ist und gleichzeitlg 
der Ausgang des Ventils zur Regulierung des 
Druckers (38) mit dem Eingang des KQhIers 
(14) verbunden ist. und wobei die Heizstellung ss 
eine Stellung ist, bei der der Ausgang des 
Kompressors (12) mit dem Eingang des Kuh- 
lers (14) verbunden ist und gleichzeitig der 



Ausgang des AuBenverdampfers (28) mit dem 
Ausgang des Ventils zur Regulierung des 
Druckers (38) vertxjnden ist 

16. Eine Klimaanlage mit Wdrmepumpe nach 
Anspruch 1, wobei die Drosselung des AuBenex- 
pansionsventils (26) durch einen ersten Tempera- 
tursensor gesteuert wind, der in der Ndhe des 
Ausgangs des AuBenventllators (28) angeordnet 
ist. und wobei die Drosselung des innenexpansi- 
onsventils (30) durch einen zweiten, in der N^he 
des Innenverdampfers (34) angeordneten Tempe- 
ratursensor gesteuert wind. 

17. Eine Klimaanlage mit Warmepumpe nach 
Anspruch 1, wobei der Luftkanal umfaBt: 

Mittel, um in einer Position stromaufwdrts des 
Mittels, um Luft anzublasen (16) eine erste und 
eine zweite Offnung (1, 3) vorzugeben, wobei 
die erste Offnung mit der AuBenluft in Verbin- 
dung steht und die zweite Offnung mit dem 
Fahrgastraum in Verbindung steht; und 
eine RegeltOr (5), welche wahtweise die erste 
und die zweite Offnung (1;3) Wnet und 
schlleBt. 

Revendications 

1 . Syst^e de conditionnement d'air du type d pompe 
k chaleur conprenant un conduit d'air (18) dans 
lequel Pair s'tosule dans une direction donn^e k 
I'aide d'un moyen de soufflage d'air (16), un con- 
denseur (14) dispose dans ledit conduit d*air (18). 
un compresseur (12) ayant une sortie reli6e k une 
entree dudit condenseur (14). un s^heur r^cepteur 
(20) ayant une entr§e relive k une sortie dudit con- 
denseur (14), un ^vaporateur int^rieur (34) dispose 
dans ledit conduit d'air (18) h une position en amont 
dudit condenseur (14), une vanne d'expansion int6- 
rieure (30) ayant k la fbis une entree connect^e 
audit s^cheur r^cepteur (20) et une sortie connec- 
t^e d une entree dudit ^vaporateur int^rieur (34), 
caract^risd par une vanne d'expansion ext^rieure 
(26) ayant une entree connect^e k une sortie dudit 
86cheur r^epteur (20) par un premier passage 
(PI), un dvaporateur ext^rieur (28) ayant k fa fbis 
une entree connect^e k une sortie de ladite vanne 
d'expansion ext6rieure (26) et une sortie connect6e 
k une entr6e dudit compresseur (12) par un 
deuxi^me passage (P2), et par un moyen de distri- 
txition d'agent refrigerant (22, 24) qui alimente ledit 
evaporateur int^rieur (34) avec au moins une partie 
de I'agent refrigerant evacuee par ledit secheur 
recepteur (20) lorsque la pression de Tagent refri- 
gerant dans une sortie dudit evaporateur interieur 
(34) d^passe un degre predetermine. 
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2. Syst^me de conditionnement d'air du type k pompe 
k chaleur selon la re\^endication 1. oCi ledit moyen 
de distribution d'agent refrigerant (22, 24) com- ,, 
prend : 

5 

un troisi^me passage s'dtendant depujs ledit 
deuxi^me passage (P2) k la sortie dudit i§vapo- 
rateur int6rleur (34) ; et 

une vanne de r^glage de pression (38) instal- 
I6e operationnellemertt dans ledrt troisi^me io 
passage, ladite vanne (38) etant ouverte lors- 
que la pression de i'agent refrigerant dans son 
entree depasse ledit degre predetermine. 

3. Systeme de conditionnement d'air du typeii pompe is 
k chaleur selon la revendication 2, oD ledit moyen 

de distribution de I'agent refrigerant (22, 24) com- 
prend en outre : 

une vanne eiectromagnetique (24) instaliee 20 
dans ledit premier passage k une position 
entre ledit secheur recepteur (20) et ladite 
vanne d'expansion exterleure (26), ladite 
vanne eiectromagnetique (24) ferment ledit 
premier passage (PI) lorsqu'elle est excitee 2S 
eiectriquement 

4. Systeme de conditionnement d'air du type k pompe 
k chaleur selon la revendication 1. oCi un refrigerant 
NOfM-CFC est utilise comme agent refrigerant. so 

5. Systems de conditionnement d*air du type k pompe 
^ chaleur selon la revendication 2, comprenant en 
outi-e un moyen de commande (90) qui commande 

la pression regiee de ladite vanne de reglage de , as 
pression (38) en accord avec la temperature de I'air 
exterieur. 

6. Systdme de conditionnement d'air du type k pompe 

' ^ chaleur selon la revendication 5, oD ledit hibyen 40 
de commande comprend : 

un moyen de sollidtation eiectrique (84) qui, 
lors de la reception d'une puissance eiectrique, 
produit une force pour solllciter ladite vanne de 45 
reglage de pression (38) k prendre sa position 
fermee ; 

un dispositi'f d'alimentation en energie (88) 
pour alimenter ledit moyen de sollicitation eiec- 
trique (84) en energie eiectrique ; so 
un capteur de temperature de Tair exterieur 
(92) qui emet un signal d'instruction represen- 
tant la temperature de Tair exterieur et 
une unite de commande (90) qui commande la 
puissance eiectrique du dispositif d'alimenta- ss 
tion d'energie en accord avec le signal d'ins- 
truction provenant dudit capteur de 
temperature de I'air exterieur (92). 



7. Systeme de conditionnement d'air du type k pompe 
k chaleur selon la revendication 6, oD ladite vanne 
de reglage de pression (38) comprend : 

un corps de base (76) comportant k I'interieur 
un passage courbe (74), ledit passage courbe 
(74) ayant une Eremite connectee k ladite 
sortie dudit evaporateur Interleur et Tautre 
extremite connectee audit deuxieme passage ; 
un element de vanne (78) qui ferme ledit pas- 
sage courbe (74) lorsqu'il occupe sa position 
fermee : et 

un moyen de sollicitation (84. 86) pour solllciter 
ledit element de vanne (78) dans une direction 
au loin de ladite position fermee, 
ou ledit element de vanne (78) est sollidte pour 
occuper ladite position fermee lorsque ledit 
moyen de sollicitation eiectrique regoit la puis- 
sance eiectrique. 

8. Systeme de conditionnement d'air du type k pompe 
k chaleur selon la revendication 7, ou ledit moyen 
de sollicitation eiectrique comprend : 

une bobine k soienoTde (84) montee sur ledit 
corps de vanne (76) et, 

un plongeur (86) axialement deplagable dans 
ladite bobine k soienoTde (84), ledit plongeur 
(86) ayant une extremite placee sur ledit ele- 
ment de vanne (78). 

9. Systems de conditionnement d'air du type k pompe 
k chaleur selon la revendication 1. comprenant en 
outre: 

iiri ventilateur eiectrique (44) qui, lorsqu'il est 
excite, produit un eooulement d'air pour refroi- 
dir ledit evaporateur exterieur (28) ; et 
un moyen de commande (94) pour desexdter 
leciit Ventilateur eiecti-ique (44) lorsque le refroi- 
dissement dudit . evaporateur exterieur (28) 
devlent Inutile. 

1 0. Systems de conditionnement d'air du type k pompe 
k chaleur selon la revendication 9, ou ledit moyen 
de commande comprend : 

un moyen (96) pour an-§ter ledrt ventilateur 
eiectrique (44) lorsque la vitesse d'un vehicule 
assode dans lequel ledit systeme de condition- 
nement d'air est Instalie depasse un degre pre- 
determine. 

1 1 . Systeme de conditionnement d'air du type k pompe 
k chaleur selon la revendication 10, oD ledit moyen 
de commande comporte en outre : 

un moyeri pbur arrdter le fbnctionnement dudit 
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ventilateur ^lectrique lorsque le d^it de la 
quantity d'agent r^igdrant dirig6e vers ledit 
^vaporateur ext^rieur relativement k la quantity 
d'agent refrigerant evacuee par ledit s6cheur 
r^cepteur devient plus petite qu'une valeur pr6- s 
d6termin6e. 

1 2. Systdme de conditionnement d*alr du type k pompe 
k chaleur selon la revendlcation 10, oD ledit moyen 

de commande comporte en outre : io 

un moyen (92, 100) pour arr§ter le fonctionne- 
ment dudit ventilateur eiectrique lorsque la 
temperature existante de Tair exterieur est Infe- 
rieure k un degre donne qui a ete predetermine, is 
k la fois sur la base de la temperature de I'air 
exterieur et de la temperature dans un compar- 
timent passager du vehicule. 

1 3. Systeme de conditionnement d'air du type ei pompe 20 
k chaleur selon la revendication 10, ou ledit moyen 

de commande comporte en outre : 



un moyen (92, 101) pour arrdter le fonctionne- 
ment dudit ventilateur eiectrique lorsque la 25 
temperature existante de I'air exterieur est plus 
basse qu'un degre predetermine qui a ete pre* 
determine sur la base k la fors de la tempera- 17. 
ture de Pair exterieur et du temps qui s'est 
ecouie depuis le demarrage du systeme de 30 
conditionnement d'air. 

14. Systeme de conditionnement d'air du type k pompe 
k chaleur selon la revendication 1 , comprenant en 
outre un deuxieme circuit qui est incorpore dans 35 
ledit premier circuit pour permettre que le systeme 

de conditionnement d'air sert k la fbis de dispositif 
de chauffage et de dispositif de refroidissement. 

1 5. Systeme de conditionnement d'air du type k pompe , 40 
k chaleur selon la revendication 14, qCi ledit 
deuxieme circuit comprend : 



une vanne k deux voles (62) qui peut pivoter 
entre une position de refroidissement et une 
position de chauffage, ladite position de refroi- 
dissement etant une position ou la sortie dudit 
compresseur (12) est reliee k la sortie dudit 
evaporateur exterieur (28) et en mSme temps 
la sortie de ladite vanne de reglage de pression 
(38) est reliee k I'entree dudit condenseur (14), 
ladite position de chauffage etant une position 
, oD la sortie dudit compresseur (12) est reliee k 
Tehtree dudit condenseur (14), et en m§me 
temps la sortie dudit evaporateur exterieur (28) 
est reliee k ladite sortie de ladite vanne de 
reglage de pression (38). 

1 6. Systeme de conditionnement d'air du type k pompe 
k chaleur selon la revendication 1 , ou I'operation 
d'etranglement de ladite vanne d'expansion exte- 
rieure (26) est commandee par un premier capteur 
de temperature qui est position ne k proximite de la 
sortie dudit evaporateur exterieur (28) et dans 
lequel I'operation d'etranglement de ladite vanne 
d'expansion Interieure (30) est commandee par un 
deuxieme capteur de temperature qui est posi- 
tionne k proximite de la sortie dudit evaporateur 
interieur (34). 



Systeme de conditionnement d'air du type k pompe 
k chaleur selon la revendication 1. oD ledit conduit 
d'air odmprend : 

' des moyens pour definir k une position en 
amont dudit moyen de soufflage d'air (16) des 
premiere et deuxieme ouvertures (1 : 3). ladite 
premiere ouverture etant en communication 
avec I'air ouvert et la deuxieme ouverture etant 

< eh communication avec le compartiment pas- 
sager :et 

une porte d'amortlssement (5) qui ouvre et 
ferme seiectivement lesdites premiere et 
deuxieme ouvertures (1 ; 3). 



une premiere vanne de retenue (50) interposee 
entre la sortie dudit condenseur (14) et I'entree 
du secheur recepteur (20) ; 
une deuxieme vanne de retenue (54) interpo- 
ses entre I'entree dudit secheur recepteur (20) 
et I'entree de ladite vanne d'expansion exte- 
rieure (26) : 

une troisieme vanne de retenue (56) interpo- 
see entre la sortie dudit secheur recepteur (20) 
et I'entree de ladite vanne d'expansion exte- 
rieure (26) ; 

un passage de derivation (58) contournant 
ladite vanne d'expansion exterieure (26) ; 
une quatrieme vanne de retenue (60) instaliee 
dans ledit passage de derivation ; et ' 
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